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Effects of entomopathonogenic fungus
Beauveria bassiana on Plutella xylostella and
Nymphalidae larvae
Kari L. Simmelink
Department of Biology, University of Minnesota at Morris
ABSTRACT
This study examined the use of the fungus Beauveria bassiana as a biological alternative to chemical
insecticides for the cauliflower pest Plutella xylostella. Potential secondary effects of B. bassiana on
several local wild butterfly pollinators in Monteverde, Costa Rica were also investigated. Larvae of P.
xylostella (Plutellidae), Actinote leucomeles (Acraeinae), Pteronymia notilla (Ithomiinae) and a morpho
species of Nymphalidae were collected and treated with the same concentration of B. bassiana fungus
used on cauliflower crops in the Estación Biológica Monteverde greenhouse. Mortality of treated larvae
was significantly higher than untreated larvae for P. xylostella (Chi-squared p < 0.001), while no
difference was found for the three species of treated Nymphalidae larvae. These results support the idea
that the use of biological alternatives such as B. bassiana may have fewer adverse secondary effects on
the environment than chemical insecticides.

RESUMEN
Este estudio examine el uso de Beauveria bassiana como una alternative biológica a los insecticidas
químicas para la plaga de la coliflor Plutella xylostella. Tambien, este estudio investigo el efectos de este
hongo sobre otros lepidópteras locales que sirven como polinizadores de plantas en Monteverde, Costa
Rica. Larvas de P. xylostella (Plutellidae), Actinote leucomeles (Acrainae), Pteronymia notilla
(Ithomiinae) y otro especie de la familia Nymphalidae, fueron colectadas y se trataron con B. bassiana en
la misma proporción que se usa en la invernáculo de la Estación Biológica Monteverde. Un porcentaje de
mortalidad mayor se encontro en P. xylostella que se trataron con el hongo (Chi-squared test, p < 0.001)
pero el porcentaje de mortalidad no fue significativo para las tres otras especies que se trataron con
hongo. Estos resultados apoyan la idea del uso de alternativas biológicas como B. bassiana tiene menos
efectos al ambiente que los químicos.

The Chemical weapons used to eliminate Insect pests in conventional farming systems are
becoming more and more disadvantageous (Altieri 1986; Kiss 1990; Schultz 1998). One major
concern to agriculturists is that the development of chemically resistant insect populations,
attributed to strong selective pressures and a high reproductive potential, has considerably
reduced the success of chemical insecticides (Kiss 1990). Additionally, the production and
processing of synthetic chemical pesticides is more expensive and uses more fossil energy per
unit of production than organic methods (Altieri 1986, 1987, 1995). For ecologists, however, the

greatest consequence of chemical pest management is the effects of toxic insecticides on
biodiversity.
The secondary impacts of toxic substances, especially insecticides, were first questioned
by the environmental movement of the 1970’s (Altieri 1995). Since then, many studies have
investigated the potential detrimental effects of different farming methods on the environment.
Pesticides have been found to influence land beyond farms, a condition known as “pesticide
drift” (Schultz 1998). For example, the processing methods of monocultural systems were found
to be significant sources of pollution (National Research Council 1993) and Allen-Wardell et al.
suggest that pesticides and herbicides have lethal and sub-lethal effects on wild pollinators in and
near croplands (1998).
The benefits of the absence of chemicals on organic farms have been widely studied as
well. Reduced amounts of chemical insecticides have been shown to bolster populations of
butterflies (Schultz 1998). Eliminating chemical insecticides from organic farms also allows
regeneration of natural controls or an increase in abundance of enemies that feed on pest
populations (Altieri 1986). The use of another organism to control a pest is referred to as
biological control and the pathogen, or biopesticide, can be an insect, bacteria, or fungus. Current
research has focused on fungal biopesticides as environmentally advantageous methods of insect
control (Bustillo et al. 1999: Reinert et al 1999; Jeffs et al 1998) and many programs use this as a
resource-conserving alternative to chemicals (Bustillo et al. 1999).
B. bassiana is a commonly used entomopathogen that is well known for it’s wide
geographic distribution (Andrew & Quezada 1989). Of the approximately 40 genera of fungal
pathogens all B. bassiana probably attacks more species of host than any other fungus. Once B.
bassiana is ingested by an insect, conidia emerge from inside the host. The conidia forms closed
packages of spores and under appropriate conditions of temperature and humidity, germinate and
produce hyphae that penetrated the wall of the insect. The insect is expected to die from infection
in approximately three days (De Bach 1964). The hyphae then fill the body cavity, finally
emerging and covering the insect with mycelium that appears as a characteristic white powder
that eventually completely envelops the insect (De Bach 1964, Jeffs et al. 1997).
The use of B. bassiana as a biopesticide has been shown to reduce the populations of
field pests similar to Plutella xylostella (De Bach 1964), but little is known about its effects on
Nymphalidae larvae. This study investigated the effects of B. bassiana on P. xylostella.
Additionally, this study compared the effects of B. bassiana on Actinote leucomales (Acraeinae),
Pteronymia notilla (Ithomiinae) and a morpho species of Nymphalidae, referred to in this paper
as species four.

MATERIALS AND METHODS
One hundred P. xylostella larvae were collected from the leaves of cauliflower plants in the
Estación Biológica Monteverde greenhouse in Monteverde, Costa Rica. Leaves were also
collected from the cauliflower to be used as a food source for the P. xylostella during the study.
Larvae were categorized by instar, according to their size as they appeared to the naked eye.
Actinote leucomeles were collected as an egg mass from their host plant Sinderia
polyantha (Asteraceae) in Monteverde, Costa Rica. Additional leaves were also collected from
the S. polyantha on later occasions to be used as a food source for the A. leucomeles during the
study. Actinote leucomeles were held in captivity and 100 mature larvae were used for this study.
Following the final molting of the larval stage, a measurement of the head of the discarded

exuvia was taken using the ruler on the lens of a dissecting scope and larvae were placed into
four size categories based on this measurement. Thirty seven P. notilla and 44 morpho species
four larvae were purchased from Victor Hugo Quesada in Cebadilla, Costa Rica. Solanum
aphyodendron and Solanum umbellatum (Solanaceae) were collected near the Estación Biológica
Monteverde and were used as food sources for P. notilla and species four respectively. Species
four larvae were categorized by instar in the same manner as P. xylostella.
All larvae were held for at least 24 hours and only larvae that appeared healthy were used
for the study. Larvae were placed singly into plastic bags and hung with plastic clothespins on a
clothesline.
Treatments began in October 2000. Beauveria bassiana fungus was purchased from Ing.
Miguel Obregon Gomez from the Instituto Nacional Aprendizaje and two grams were diluted in
50 ml of water to match the concentration used in the greenhouse. The solution was applied to
respective leaves for each species with a paintbrush. Untreated control groups received leaves
with no fungal application. The larvae were observed daily for mortality until 21 November
2000. Larvae were placed in clean bags and each group was given fresh treated or untreated
leaves appropriately every other day. Larvae that pupated and emerged as visibly unaffected
adults were released.
A chi-squared test was performed for each species to determine differences in percent
mortality between the treated and untreated larvae and for all species to compare the percentages
of mortality. A Mann-Whitney U test was performed to determine differences in rates of fungal
infection, as measured by number of days survived, for treated and untreated larvae.

RESULTS
Plutella xylostella:
Seventy percent of treated P. xylostella larvae were killed (N = 50). This result was significantly
higher (Chi-squared test, p < 0.001) than the untreated control group in which only 30% of larvae
were killed (N= 50). For the treated group, 100% (N = 9) of larvae in instar one were killed, 90%
(N = 9) of instar two, 80% (N = 9) of instar three, 71% (N = 5) and only 23% (N = 13) of larvae
in instar five were killed (Figure 1). Mortality data were transformed by arcsine before Chisquared analysis, but unstransformed percentages are reported here. The average number of days
survived was 5.06 (sd + 2.78) for treated larvae and 4.13 (sd + 3.18) for untreated larvae. MannWhitney U test showed no significant difference (p = 0.220) between the number of days larvae
survived in treated and untreated groups.
Actinote leucomales:
In both groups only 20% of the larvae were killed (N = 50 treated, N = 50 untreated) and a Chisquared test showed no significant difference (p = 0.63) in mortality for treated and untreated
groups among size categories (Figure 2). The average number of days survived was 6.60 (sd +
5.23) for treated larvae and 8.90 (sd + 3.84) for untreated larvae. A Mann-Whitney U test
showed no significant difference (p = 0.241) in number of days survived between groups.

Pteronymia notilla:
Thirty-seven percent of treated P. notilla larvae were killed (N= 19) and only 26% of untreated
larvae were killed (N = 19). A Chi-squared one sample test, however, showed no significant
difference (p = 0.35) between these two groups. The average number of days survived was 2.57
(sd + 0.079) for treated larvae and 7.80 (sd + 4.71) for untreated larvae the Mann-Whitney U test
showed a significant difference (p = 0.0045) between number of days survived for treated and
untreated groups (Figure 3).
Species four:
All of the larvae in instars one and two of both treated and untreated groups were killed (N= 19
treated, N = 17 untreated) and 50% of the treated larvae in instar 3 were killed. There was no
significant difference (Chi-squared test p = 0.35) between mortality in treated and untreated
larvae. The average number of days survived for the treated and untreated larvae was 4.05 (sd +
2.06) and 4.75 (sd + 3.13) and there was no significant difference (Mann-Whitney U test, p =
0.979) between number of days survived for treated and untreated groups.
A Chi-squared test showed a significant difference (p < 0.001) in mortality of treated
larvae for the four different species (Figure 4).

DISCUSSION
Plutella xylostella is a serious pest that affects cabbage, broccoli and other crops of the genus
Brassica (Cruciferaceae) in addition to cauliflower. Chemical control of P. xylostella is most
effective when the heads of the plant just begin to form. Suggestions of alternative, biological
methods of control in literature are limited to parasitoids (Saunders et al. 1998).
Beauveria bassiana was shown here to effectively kill a higher percentage of treated P.
xylostella larvae than untreated larvae. These results indicate that B. bassiana can reduce
populations of P. xylostella. The differences in mortality among different instars may suggest
that the fungus is more effective in earlier stages of larval development. It may seem to be a
drawback to the use of B. bassiana that the percent mortality decreased for each instar, or this
may be a blessing in disguise when applied to non-target species.
The mature A. leucomeles larvae showed the smallest percent mortality of the four
species. Additionally, both treated and untreated larvae had the same percent mortality, and a
only small gap in the difference between number of days survived. This implies the fungus had
little or no effect on the treated A. leucomeles larvae and supports the hypothesis that B. bassiana
is less effective on mature insect larvae. The lack of effect on mature larvae may be more of a
benefit to non-target species than a disadvantage to pest species. It is important to note here that
the use of cultural methods and biological insecticides is meant to recognize weak links in the
pest insect’s life cycle and intended only to prevent pest buildup rather than eradicating a large
existing population (Altieri 1986). While these results are encouraging, the secondary effects of
B. bassiana on immature larvae and other species of important Nymphalidae pollinators are still
unclear.

Even though there was not a large difference between the mortality of treated larvae of P.
notilla and untreated larvae, the number of days survived by the treated group was significantly
smaller. Since experimental conditions were kept consistent among species, this suggests that the
fungus may still have had a negative effect on the survival of P. notilla larvae. The survival of
butterflies, moths, wasps and bees is critically important for effective pollination of wild plants
(Allen-Wardell et al 1998). Plutella notilla are pollinators of Asteraceae and Inga spp. and
possible reductions in population are an obvious concern however, additional studies involving
this species is required to better understand the effects of B. bassiana on P. notilla.
The effects of B. bassiana on species four are equally uncertain. The unusually high
percentage of mortality in species four in treated and untreated control groups suggest that
factors in addition to the fungus affected the populations. The Solanaceous plant used as food
source became dry and brittle shortly after removal from the branches of the trees. This may
have resulted in an inadequate method of supplying food for the larvae. The other three control
species did not experience such dramatic mortality. It seems less logical then that food supply
rather than experimental factors such as increased temperature and humidity inside the bags.
These hypotheses, however, are not mutually exclusive and once again call for expanded studies
with Nymphalidae larvae.
Future study should also be conducted over longer periods of time. Due to a sense of
short-term urgency in applied practical research and lack of training in holistic thinking, some
pest management programs have been slow in putting Eco-based theory into practice (Altieri
1987), however, Altieri indicates that the longer a farm is under organic management the less
important insect pests are, and that damage due to insects seems to stabilize after a few years
without chemical treatments, depending on the degree of isolation (1986). Management plans
should emphasize stability and long term returns rather than focusing on short-term maximum
yield and profit.
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